multifocal acute hepatocellular necrosis with suppurative inflammation. There were small foci of acute hepatocellular coagulative necrosis without accompanying inflammation and many neutrophils in venules and sinusoidal channels. Rhodamine-stained tissue sections demonstrated many copper-positive granules in hepatocytes through hepatic lobules. There were also many copper-positive granules in macrophages, particularly in periportal areas. Copper granules were also present in the cytoplasm of most renal tubular epithelial cells. No other histologic lesions were present in kidney sections.
The liver of one calf also had centrilobular heptocellular degeneration compatible with hypoxia. Pulmonary alveolar capillaries were congested, and intraalveolar accumulations of edema fluid were present. There were no significant changes in other organs.
Once copper toxicosis was confirmed from tissue copper analysis as the cause of death, additional samples of liver and/or kidney from calves that subsequently died were solicited from the practitioners for copper analysis. The liver and kidney copper concentrations are shown in Table 1 . Copper concentrations greater than 1,000 ppm dry weight (DW) or 250 ppm wet weight (WW) in liver and 40 ppm DW or 10 ppm WW in kidney are commonly observed in chronic copper toxicosis in cattle. 10, 15 In contrast, lower levels have been observed in acute copper toxicosis. 1 All the tissues analyzed, except 1 liver, had a copper concentration greater than the above levels considered to be diagnostic of copper toxicosis. To convert WW to DW values, a factor of 3.5-4 has been used. 12 Three of the liver samples analyzed at Colorado State Diagnostic Laboratory had a dry weight of 20%, which suggests that a factor of 5 should be used. This is supported by a recent report in the literature. 8 Liver and kidney samples from eight calves were available for copper analysis (Table 1 ). Figure 1 depicts a linear regression comparing these levels. In a recently published article concerning the diagnosis of copper toxicosis in young calves, liver and kidney copper concentrations ranging from 36 to 166 ppm and from 22 to 35 ppm (DW), respectively, were reported. 13 It was concluded that elevated kidney copper concentrations confirmed the provisional diagnosis of copper toxicosis, while normal liver copper concentrations were consistent with prior release of lysosomally stored copper into peripheral circulation. Our data did not demonstrate normal liver copper concentrations in young calves experiencing copper toxicosis. Furthermore, hepatic copper concentrations in copper-intoxicated calves were always much greater than kidney copper levels, which variably increased and did not appear to be proportionately affected in concentration.
The gross and histologic examinations provided sugges- Numerous studies have demonstrated that oral copper oxide boluses are safe and effective in treating copper deficiency and increasing serum or liver copper in adult cattle and calves 3 months of age or older. [2] [3] [4] 6, 11, 15, 16, 19 In adult ruminating animals, the copper oxide wires become lodged in the reticulum and slowly dissolve resulting in a gradual copper absorption. 17 However, when neonatal calves are given copper oxide wire, the boluses probably lodge in the abomasum, which is very acidic. The copper would be solubilized rapidly, absorbed, and stored in the liver. Under these conditions, liver copper levels in calves are likely to rapidly reach levels consistent with toxicity in adult cattle. The effect of accumulated copper in these young calves (that were presumably ruminating animals by the time of clinical disease or death) is very similar to copper toxicosis in adult cattle. Thus, treatment of neonates with copper oxide boluses may represent a misuse of this product. However, the label on this product only states it is intended for use in calves from 150 to 500 lb body weight. Because body weights for newborn calves have increased, product labeling should address physiological function as well as body weight, e.g., ''This product is recommended for ruminating animals only.'' But the nutritional status of the calf may not be the only factor in determining the need for neonatal copper supplementation. The nutritional status of the cow may also be relevant. Fetal liver copper increases during gestation and is higher than maternal liver copper. The fetal liver copper level at term is a function of maternal liver copper concentration, i.e., maternal concentrations Ͻ10 and Ͼ25 ppm DW result in third-trimester fetal liver copper concentrations of 299 and 434 ppm DW, respectively. 7 Pregnant cows given copper during the last 4 months of pregnancy gave birth to calves with higher liver copper concentrations than the control cows. 18 This information, along with potential of copper toxicosis, suggests that producers should monitor the copper status of the cows and supplement, if needed, rather than giving copper to newborn calves. Copper is an essential micronutrient and is necessary for numerous physiologic processes. 3 Supplementing gestating cattle diets with copper is done in an attempt to increase copper stores in newborn calves, enhance performance, and decrease disease. 6, 9, 14, 25 Copper deficiency has become associated with a variety of disease problems. 9, 11, 12, 14, 15 Data regarding the association of subclinical copper deficiency and disease are equivical, as effects of subclinical copper deficiency on the immune system have not been clearly documented in vivo. 1, 22, 23, 25 In vitro studies demonstate inconsistent effects on humoral immune response, acute phase protein response, and stimulus-dependent changes in lymphocyte blastogensis. 1, 13, 16, 25 Epidemiologic studies have associated subclinical copper deficiencies in calves with abomasal ulcers and calf diarrhea. 9, 11, 12, 14, 15 Based on these studies, producers sometimes begin supplementation programs without first assessing herd copper status. This approach can lead to unnecessary expense with no appreciable decrease in disease prevalence and, occasionally, poisoning. 2, 5, 8, 17, 20, 22, 24, 25 Supplementation of cattle with intrareticular copper boluses at label doses is reported to be safe and effective. 4, 6, 21 Epidemiologic and pathologic features of chronic copper intoxication of suckling calves improperly supplemented with intrareticular copper boluses are documented in this report. Poisoning with these boluses was reported in Nebraska and Wyoming, but descriptive features and epidemiologic details were limited. 8 A 410-cow crossbred beef cattle operation in North Dakota experienced an increase in calf mortality during the summer of 1993. Five 150-175-lb 1-month-old calves died between May 6 and May 14. Another 10 calves died during the next 30-day period. The owner reported that calves spent increased amounts of time at the water source. Polydipsia From the Veterinary Diagnostic Center, University of Nebraska, Lincoln, NE 68583-0907 (Steffen, Carlson), and North Dakota State University, Fargo, ND (Casper).
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Received for publication September 7, 1996. was not observed, and abdominal pain was suspected to be responsible for this behavior. Calves were afebrile and lethargic, with icterus of the conjuctiva and sclera. Twelve calves died within 12-24 hours after clinical signs were observed. Three additional calves died after having signs for 3-5 days. Four clinically ill calves recovered. This herd of 410 cows had received 400 mg of an injectable cupric glycinate supplement a on March 15, approximately 30 days prior to calving. Cows were fed a total mixed ration which included 14.09 kg mixed prairie hay (CRP), 2.73 kg barley, 450 g 12-12 mineral mix, and 227 g trace mineral salt per head per day. The mineral mix contained copper sulfate, and the trace mineral salt contained copper oxide. Retrospectively, feedstuffs were analyzed for copper by inductively coupled plasma (ICP) analysis to determine daily intake (Table 1) . A 44% protein soybean meal was fed at a rate of 227 g/head/day and was not available for copper analysis. Ration analysis indicated daily copper intake of approximately 74.82 mg/head/day during late gestation and early lactation.
Serum alkaline phosphatase (401 and 759 IU/liter), aspartate aminotransferase (94 and 764 IU/liter), and total bilirubin (12.7 and 33.0 mg/dl) were elevated in 2 calves tested. Both calves were mildly hypoglycemic (30 and 19 mg/dl) and moderately hyperkalemic (6.3 and 8.7 mEq/liter). Sodium, chloride, serum urea nitrogen, creatinine, calcium, phosphorus, total protein, and albumin were normal.
